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This  study  is  part  of  a  broad   program  of  research  by  the  Agricultural  Marketing 
Service  to  improve  the  quality  and  to  hold  down  the  cost  of  marketing  farm  products, 
including  dried  fruits.    Further  research  toward  these  goals  is  now  in  progress.    Results 
will  be  published  as  the  tests  are  completed. 
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SUMMARY 

Malathion  was  tested  as  a  protectant  for  raisins  against  insect  infestation  during 
drying  and  storage.    Preliminary  studies  consisted  of  an  exploratory  field  test  to  deter- 
mine how  much  residue  would  be  left  on  raisins  dried  on  malathion-treated  trays,    and 
a  laboratory  bioassay  study  to  determine  how  much  malathion  residue  was  needed  to 
protect  raisins  against  infestations  during  storage.    A  large-scale  field  test  evaluated 
the  treatment  under  actual  cultural  and  handling  conditions. 

A  4-percent  malathion  dust  was  applied  3  times  at  weekly  intervals  to  the  ripening 
grapes  on  the  vine  to  control  leafhoppers  at  rates  of  25  and  50  pounds  per  acre.    After 
the  grapes  were  picked,    the  malathion  residues  on  them  were  less  than  1  p.  p.  m.  (parts 
per  million). 

The  grapes  were  dried  on  standard  paper  trays  that  had  been  sprayed  with  mala- 
thion emulsifiable  concentrate.    At  the  end  of  the  drying  period,    the   raisins  had  a 
malathion  residue  of  about  1  p. p.m.    for  each  100  mg.    deposit  per  square  foot  on  the 
tray. 

In  bioassay  tests,     malathion  spray  left  residues  of  1.7,    3.0,    and  7.4  p.  p.  m.    on 
raisins.    Saw-toothed  grain  beetles  and  Indian-meal  moths  were  added  to  jars  of  raisins 
each  month.    After  8  months,    no  insects  had  survived  or  developed  in  any  jars  contain- 
ing treated  raisins.    Insects  survived  and  developed  in  check  jars  from  the  beginning. 
Malathion-treated  raisins,    exposed  on  open  trays  to  5  species  of  stored-product  insects 
in  an  infestation  room,    were  free  from  damage  for  periods  from   3  months  to  more  than 
6  months.    Untreated  raisins  were  damaged  by  insects  the  first  month. 

In  the  large-scale  field  tests,    the  vines  were  treated  with  35  pounds  of  4-percent 
malathion  dust  per  acre.    Fifteen  days  after  dusting,    the  grapes  had  about  0.  1  p.  p.  m. 
of  malathion  more  than  undusted  grapes.    The  paper  trays  were  coated  with  428.  4  and 
806.  4  mg.    of  malathion  per  square  foot.    As  the  raisins  dried,    they  picked  up  malathion 
from  2.  9  to  3.  3  p.  p.  m.    on  the  428.  4  mg.  /sq.    ft.    treated  trays  and  from  8.  6  to   1  3.  3 
p.  p.  m.    on  the  806.  4  mg.  /sq.    ft.    treated  trays. 

At  the  end  of  the  drying  period,    raisins  from  treated  trays  had  fewer  live  insects 
than  those  on  untreated  trays.    After  5  months'    storage,    raisins  dried  on  treated  trays 
had  practically  no  live  insects,    but  those  dried  on  untreated  trays  were  heavily  infested. 

Some  raisins  were  processed  after  drying,    and  some  after  5  months'   storage. 
Processing  removed  little  malathion,    but  it  caused  the   residues  to  be  less  effective 
against  insects.    Raisins  dried  on  treated  trays  yielded  more   finished  raisins  after 
processing. 

In  bioassay  tests  from  the  large-scale  field  tests,    treated  raisins  in  jars  were  pro- 
tected from  insects  after   5  months,    but  the  untreated  raisins  were  infested  within  a 
month.    On  the  open  trays,    all  raisins  from  the  806.  4   mg.  /sq.    ft.    treated  drying  trays, 
except  one  lot,    were  free  of  infestation  after  5  months.    Half  the  raisins  from  the  428.  4 
mg.  /sq.    ft.    treated  trays  were  infested  at  3  months,    and  the  others  were  not  yet  in- 
fested at  5  months.    All  raisins  from  untreated  trays  were  heavily  infested  within  1 
month. 

Malathion-treated  trays  aided  greatly  in  protecting  raisins  against   infestation   dur- 
ing drying  and  storage.    Lower  concentrations  than  those  used  may  provide  adequate 
protection.   Additional  chemical  and  biological  information  and  data  are  required  before 
consideration  can  be  given  to  the  use  of  such  a  treatment,    so  another  field  test  will  be 
made. 
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BACKGROUND  OF  THE  STUDY 

An  estimated  2.3  percent  of  the  $46,685,000  raisin  crop  (1957-61  average  annual 
farm  value)  is  lost  to  insects  annually,    at  a  cost  of  more  than  $1  million.    Infestation 
starts  during  the  drying  period  and  persists  through  storage,    processing,    packaging, 
transportation,    and  retailing.     Some  insects  that  infest  raisins  in  the  field  are  carried 
into  storage  with  the  dried  fruit.    During  storage,    other  insects  infest  the  dried  fruit 
and  thus  increase  the  problem. 

To  satisfy  the  demands  of  the  public  for  a  clean,    wholesome  product,    the  industry 
must  protect  the  raisins  against  insect  infestation.    This  has  been  attempted  by  fumiga- 
tion of  the  raisins  while  in  storage.    This  practice  is  expensive,    and  it  needs  careful 
regulation  to  prevent  excessive  accumulation  of  residue.     The  treatment  is  temporary 
and  must  be  repeated  several  times  a  year. 

A  single  treatment  that  would  prevent  insect  infestation  during  drying  and  continue 
to  protect  the  raisins  during  storage  would  help  greatly  in  maintaining  quality,    would 
be  more  economical  than  the  repeated  fumigations  now  employed,  and  would  leave  less 
chemical  residue.    This  report  describes  a  study  on  the  development  of  such  a  single 
treatment. 

Natural,    or  sun-dried,    raisins  are  produced  in  the  vineyard  (figs.    1,2,   3,    and  4). 
Ripe  grapes  are  placed  on  paper  or  wooden  trays,    laid  on  the  ground,    and  exposed  to  the 
direct  rays  of  the  sun  to  dry.    Drying  time  varies  from   14  to  60  days,    depending  upon  the 
weather  and  the  season  of  the  year.    Usually,    at  least  once  during  the  drying  period,    the 
grapes  are  turned  on  the  trays  to  dry  more   uniformly.    After  the   raisins  are  partly  dry, 
many  of  the  trays  of  raisins  are  rolled  into  "biscuit  rolls,  "  which  remain  in  the  field 
until  the  raisins  are  dry  enough  for  safe  storage.    To  form  the  roll,   the    long  edges  of 
the  tray  are  folded  toward  the  center  so  that  the  edges  overlap,    and  the  tray  is  rolled 
from  one  end  to  the  other.    This  type  of  roll  allows  the  moisture  content  of  the   raisins 
to  become    more   uniform,    and  acts  as  a  partial  barrier  to  insect  invasion.    The   raisins 
are  then  stored  either  on  the  farm  or  in  processors'  yards. 

Many  species  of  insects  are  attracted  to  grapes  as  they  dry  in  the  vineyards.    The 
most  common  insects  include  the  raisin  moth  (Ephestia  figulilella  (Greg.  )),    the  dried- 
fruit  beetle  (Carpophilus  hemipterus  (L.  )),    and  the  vinegar  fly  (Drosophila  spp.  ). 
During  storage,    raisins  may  be  attacked  by  the  raisin  moth,    the  Indian-meal  moth 
(Plodia  interpunctella  (Hbn.  )),    and  the  saw-toothed  grain  beetle  (Oryzaephilus  suri- 
namensis  (L.  )). 

The  use  of  malathion-treated  trays  for  protecting  grapes  against  insects  while  dry- 
ing was  first  explored  by  personnel  of  the  American  Cyanamid  Co.  ,    Fresno    County  Ex- 
tension Service,    and  the  Raisin  Advisory  Board.    The  treatment  appeared  very  promising 
because  it  employed  an  insecticide  with  very  low  mammalian  toxicity,    and  it  was  a 
method  that  would  not  interfere  with  the  normal  processing  of  the  crop.    Tolerances  of 


l    This  study  was  made  at  the  Stored-Product  Insects  Laboratory,  Fresno,  Calif.   The  laboratory  is  a  field  station  of  the 
Stored -Pro  duct  Insects  Branch,  Market  Quality  Research  Division. 
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Figure  1.  --Fresh  grapes  placed  on  paper  trays  to  dry. 
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Figure  2.  --Appearance  of  the  grapes  in  the  early  stages  of  drying. 
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Figure  3.  --Conventional  manner  of  turning  the  grapes  on  the  trays. 
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Figure  4.  --Trays  are  rolled  into  "bis- 
cuit rolls"  and  placed  near  the  vines 
to  complete  drying  of  the  raisins. 


8  p.  p.  m.    of  malathion  have  been  approved  and  estab- 
lished by  the  Food  and  Drug  Administration  for  most  of 
the  fresh  fruits,  including  grapes,    and  many  of  the  leafy 
vegetables  that  are  eaten  raw.    These  tolerances  apply 
to  malathion  residues  obtained  from  preharvest  treat- 
ments. 2 

The  tests  described  in  this  report  are  a  followup 
of  the  one  mentioned  above.    The  objective  was  expanded 
to  include  not  only  the  evaluation  of  the  effectiveness    of 
treatment  in  preventing  insect  infestation  of  the  raisins 
while  drying,    but  also  the  effectiveness  of  the  residual 
deposit  in  protecting  the  raisins  against  damage  during 
storage.    The   aim  was  to  develop  one  single  treatment 
to  protect  raisins  from  the  time  they  are  picked  as 
grapes  and  placed  on  the  drying  trays  to  the  time  they 
are  brought  to  the  plants  to  be  cleaned,    processed, 
and  packaged. 


The  reported  studies  were  composed  of  two  parts. 
The  first  consisted  of  an  exploratory  field  test  and  a 
laboratory  bioassay  study  to  determine  how  much   malathion  residue  would  be  (l)  ob- 
tained from  malathion -treated  trays  and  (2)  needed  to   protect  the  raisins  against  insect 
infestations  during  storage.    The   second  part  was  a  large-scale  field  test  to  evaluate 
the  treatment  under  actual  cultural  and  handling  procedures,    and  to  obtain  the  biological 
and  chemical  data  required  for  review  by  various  government  agencies  before  a  pesti- 
cide treatment  can  be  approved    and  a  tolerance  established. 


2  National  Agricultural  Chemicals  Association.    News  and  Pesticide  Rev.  20(3):  1-24.  1962. 


PRELIMINARY  STUDIES 

Exploratory  Field  Test 

In  June   1961,    a  study  was  begun  to  determine  if  malathion  applied  to  growing 
Thompson   Seedless  grapes,    to  paper  drying  trays,    or  to  both,    would  leave  residues 
on  the  raisins.   A  vineyard  in  the  Indio,    Calif.  ,    area  was  chosen  because  the  grapes 
there  mature  6  to  8  weeks  earlier  than  those  in  the  Fresno,    Calif.  ,    area,    and  there- 
fore the  preliminary  test  and  a  large-scale  test  could  be  started  within  the  same 
season. 

The  plan  was  to  dust  the   grapes  during  the  ripening  period,    a  treatment   used  to 
control  leafhoppers,    to  determine  how  much  malathion  would  remain  on  the  grapes  at 
the  time  they  were  removed    from  the  vines.    The  vines  in  this  study  were  grouped  into 
three  plots.    Two  plots}of  5  vines  each,    were  treated  with  a  4-percent   malathion  dust  at 
the  rates  of  25  and  50  pounds  per  acre,    respectively,    and  the  third  plot,  of  11    vines, 
remained  untreated.    Each  of  the  two  treated  plots  received  three  applications  of  dust 
1   week  apart.    On  the  third  day  after  the  third  treatment,    the  grapes  were  picked  and 
placed  in  boxes.     Two  1 -quart  samples  of  the  grapes  from  each  plot  were  taken  for 
malathion  residue  determinations.    The  residues3    recovered  from  the  grapes  treated 
at  the  rates  of  50  and  25  pounds  per  acre  were  less  than  1  p.  p.  m.^  These  data  indicate 
that  the  grapes  did  pick  up  relatively  small  amounts  of  residues  as  a  result  of  this 
treatment. 

The  next  phase  of  the    preliminary  test  was  to  dry  the  grapes  on   malathion-treated 
paper  trays,    and   then  to  analyze  samples  of  the  raisins  for  residue.    The  paper  used 
for  the  drying  trays  was  sprayed  with  a  malathion  emulsifiable  concentrate.    One  lot 
of  paper  was  treated  at  a  rate  calculated  to  deposit  200  mg.     of  malathion  (premium 
grade)  per  square  foot.    A  second  lot  received  a  deposit  of  415  mg.    per  square  foot, 
as  determined  by  chemical  analysis.    The  third  lot  remained  untreated. 

The  grapes  were  placed  on  the  treated  and  untreated  paper  trays.    Each  tray  was 
about  2  feet  wide,    3  feet  long,    and  contained  20  to  22  pounds  of  grapes.     The  drying  and 
conditioning  period   in  the  field  in  the  preliminary  test  lasted  26  days.     During  this  time 
the  temperature   ranged  between  106°  and  63°  F.    Maximum  and  minimum  mean  daily 
temperatures  were   from  90°  to  81°,    averaging  85.2°  F.    Maximum  and  minimum  rela- 
tive humidities  were  73  and  7  percent,    while  the  daily  average  ranged  from  49  to  19, 
averaging  31.9  percent.    The  amount  of  sunlight  each  day  ranged  from   14  hours,    29 
minutes  to   12  hours,    23  minutes,    and  averaged  14  hours. 

Samples  were  taken  for  chemical  analysis  as  the  raisins  were  removed  from  the 
trays  and  placed  in  boxes  for  storage.    The  residues  on  the  raisins,    according  to  the 
rate  of  application   of  4-percent   malathion  to  the  grapes  on  the  vines  and  the  rate  of 
deposit  on  the  paper  trays,    were: 

4-percent  malathion  on  Malathion  deposit  Residue 

grapes  on  vines  on  paper  trays  on  raisins 

(mg.  /sq.    ft.)  (p.  p.m.) 


3  applications  at  25  lb.    per 
acre 

3  applications  at  50  lb.    per 
acre 


200  2.6 


415  3.9 

No  insecticide  415  3.7 

No  insecticide  None  0.  5 


3  The  method  of  analysis  for  determining  malathion  residues  on  the  grapes  and  raisins  has  been  described  by:  Norris, 
M.  V.,   Easter,   E.  W. ,   Fuller,   L.  T. ,   and  Kuchar,   E.  J. ,  Jour.  Agr.  and  Food  Ghem.  2:  111-114.    1958. 

4  All  residue  data  reported  in  this  paper  are  uncorrected,  and  all  values  less  than  1  p.  p.  m.  are  not  significant,  since 
the  sensitivity  of  the  analytical  method  is  1  p.  p.  m. 
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These   results  indicate  that  the  major  source  of  residue    on  the  raisins  is  the  treated 
trays,    and  not  the  dust  applied  to  the  grapes  on  the  vines.    In  this  test  the  raisins  picked 
up  about  1  p.  p.  m.    for  each  100  mg.    deposit  of  malathion  per   square  foot  on  the  tray. 

Laboratory  Bioassay  Study 

The  purpose  of  this  test  was  to  determine  the  level   of  malathion  deposit  required  to 
protect  raisins  against  insect  infestation   during  storage,    and  the  duration  of  this  pro- 
tection. 


Three  25-pound  lots  of  natural  raisins  were  treated  with  a  57-percent  emulsifiable 
concentrate   of  malathion.    The  insecticide  was  sprayed  over  a  thin  layer  of  raisins,    by 
means  of  an  air  brush,    at  calculated  rates  of  2,  4,    and  8  p.  p.m.    The  residues  deter- 
mined by  chemical  analyses  were  1.7,    3.0,    and  7.4,    respectively. 

Ten  1/2-pound  samples  of  raisins  from  each  of  the  three  lots  and  a  check  lot  were 
exposed  to  insects  in  1 -quart  widemouthed  fruit  jars.    Fifty  saw-toothed  grain  beetle 
adults  were  placed  in  5  of  the  jars  from  each  lot,    and  33  Indian-meal  moth  adults  were 
placed  in  each  of  the  remaining  5  jars.    The   number  of  beetles  was  increased  to  100 
after  the  third  month.    Each  jar  was  examined  at  monthly  intervals.    If  no  insect  develop- 
ment had  occurred,    more  adult  insects  were  added.    Eight  months  after  the  test  began, 
no  insects    had  survived  or  developed  in  any  of  the  jars  containing  malathion-treated 
raisins.     Some  development  was  noted  in  the  check  jars  at  the   1 -month  examination,  but 
there  was  also  a  mortality  rate  of  about  40  percent.    Normal  activity  and  development 
was  noted  in  subsequent  examinations. 

At  the   same  time    as  the  jar  tests  were   set  up,    five  2 -pound  samples  were  taken 
from  each  of  the  four  lots  of  raisins    and  placed  individually  on  paper  trays  l-l/2-feet 
square.    These  trays  were    exposed  continuously  to  Indian-meal  moths,    saw-toothed 
grain  beetles,    dermestid  beetles,    confused  flour  beetles,    and  red  flour  beetles  in  an 
infestation  room.    Insect  activity  and  development  and  damage  to  the  raisins  was    ob- 
served  monthly.    The  duration  of  protection  rendered  by  the  malathion  treatment  was: 

Residue  on  raisins 
(p.  p.m.  ) 


1.7 

1.7 
1.7 
1.7 
1.7 

3.0 
3.0 
3.0 
3.0 
3.0 

7.4 
7.4 
7.4 
7.4 
7.4 

None 
None 
None 
None 
None 


Time  when  first  dama 

ge 

Damage 

appeared 

observed 

(Months) 

4 

6 
6 

Light 
Light 
Light 

4 
5 

Light 
Light 

6 

Medium 

5 
6 

4 

6 

Very  light 
Light 
Light 
Light 

6+ 

None 

6+ 

None 

6 

Medium 

6+ 

None 

6+ 

None 

Light 
Light 
Light 
Light 
Light 

These  results  indicate  that  the  higher  the  residue  on  the  raisins,    the  less  severe  the 
damage  and  the  longer  the  time  before  damage  appeared. 

LARGE-SCALE  FIELD  TESTS 

The  results  of  the  preliminary  tests  were  sufficiently  promising  to  warrant  repeat- 
ing the  work  on  an  expanded  scale  and  including  tests  on  further  phases  of  the  problem 
during  the  normal  seasons  for  raisin   harvest  and  storage. 

The  main  purposes  were  to  determine:    The  amount  of  residues  deposited  on  the 
raisins  by  the  various  treatments;  the  duration  of  these  residues;  and  the  effectiveness 
in   protecting  the   raisins  against  insect  damage. 

Procedures 

Insecticide  applications.  --The  combination  of  treatments  in  the  large-scale  field 
test  were: 

4-percent  malathion  dust  Malathion  on  trays 

on  grapes  (Mg.  /sq.  ft.  ) 

None  None 

None  428.  4 

None  806.4 

3  applications  None 

3  applications  428.  4 

3  applications  806.  4 

The  grapes  (Thompson  Seedless)  were  treated  on  the  vine  with  4-percent  malathion 
dust  at  the  rate  of  35  lb.    per   acre,    as  previously  described.    The  paper  trays  were  of 
the  standard  size  sold  commercially.    Those  treated  were   sprayed  on  one  surface  with 
a  water  formulation  containing  premium-grade  malathion  emulsifiable  concentrate.    The 
application  was  made  with  an  air  brush  having  a  constant  pressure  of  50  pounds  per 
square  inch.    The  actual  deposits,    as  determined  by  chemical  analyses,    were  428.4  mg. 
and  806.  4  mg.  /sq.    ft.    for  the  intended  400  mg.    and  800  mg.  /sq.    ft.    treatments. 

Drying  of  raisins.  --The  drying  and  conditioning  periods  in  the  field  lasted  39  days. 
During  this  period  the  temperature  ranged  between  99°  and  35°  F.    The  maximum    and 
minimum  mean  daily  temperatures  were  from  78     to  52°,     averaging  68.  4°  F.    The  maxi- 
mum and  minimum  relative  humidity  was  93  and  7  percent,    while  the  average  daily 
range  was  from  66  to  29,    averaging  47.  3  percent.    The  amount  of  sunlight  each  day 
ranged  from   12  hours,    19  minutes  to  5  hours,    21  minutes  and  averaged  10  hours,    41 
minutes. 

Storing  of  raisins.  --After  drying,    the  raisins  were  taken  to  Fresno   State  College 
to  be   stored  under  conditions  simulating  farm  storage.    The  raisins,     in  pick  boxes, 
were  stacked  on  top  of  grape   stakes  laid  on  the  ground.     To  protect  them  against  the 
weather,    asphalt  laminated  kraft  paper  was   spread  over  the  top  boxes  and  tacked  in 
place  in  such  a  manner  that  the  paper  extended  nearly  1   foot  over  each  end  and  side  of 
the  stack.    Wooden  raisin-drying  trays  were  laid  on  top  of  the  paper  and  leaned  against 
the  sides  and  ends  of  the  stack.    A  wooden  frame  covered  with  l/4-inch  hardware    cloth 
was  placed  over  the  stack  in  an  attempt  to  keep  birds  and  rodents  from  contaminating 
the  raisins  (fig.    5). 

Processing  of  raisins.  --At  the  time  the    natural  raisins  were  placed  in  storage, 
one  pick  box  of  raisins  from  each  of  the   six  lots  was  set  aside  to  be  processed. 
A  pilot  raisin    processing  plant  that  was  designed  to  handle  relatively  small  lots  of 
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5.  — Natural  raisins  stored  under  farm-type 
conditions. 


Figure 
large  numbers  of  which  were  present  when  the  stack  was  opened. 


raisins  was  used.    However,    it  had  all  of  the 
important  features  of  larger  plants  used  by  the 
raisin    industry.    Some  steps  in  raisin  processing 
are   shown  in  figures   6,   7,  8,    and  9. 

At  the  end  of  5  months  in  storage,     another 
pick  box  of  raisins  was  taken  from  each   of  the 
combinations  of  treatments  for  processing. 
Because  of  a  small  leak  in  the  covering  of  the 
stack,    the  moisture  content  of  the  raisins  was 
higher  than  expected.    Frequent  rains  and  fog, 
which  were  normal,    caused  a  high  relative 
humidity,    which  also    increased  the  moisture 
content  of  the  raisins.    The  average  was   19.5 
percent,    and  it  was  necessary  to  dry  the  raisins 
to  a  moisture  content  of  less  than  18  percent 
before  they  could  be  processed.    The  raisins 
were   subjected  to  a  temperature  of  120°  F.     in 
a  dehydrator  for  4-1/2  hours    (figure   10).    Also, 
the  raisins    that  had  been  dried  on  untreated 
trays  had  begun  to  ferment  and  mold.    The  fer- 
menting raisins  attracted  drosophila  flies, 


N-44502 


Figure  6.  --Box  of  natural  raisins  being  dumped  into  a  conveyor --the 
first  step  in  processing. 
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Figure  7.  --Removing  stems  and  trash  from  raisins. 
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Figure  8.  --Washing  raisins. 
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Figure  9.  --Final  inspection  of  raisins  before  they  are  packaged. 
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Figure  10.  — Dehydrator  in  which  the  moisture  content  of  the  raisins  was  reduced. 
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Results 

Bioassay  studies.  --To  determine  the  degree  of  protection  rendered  by  the  treat- 
ment against  insect  damage,    bioassay  tests  were  conducted  with  the  adult  saw-toothed 
grain  beetle  and  Indian-meal  moth  larvae.    In  one  series,   the  insects  were  introduced 
into  glass  jars  containing  the  various  lots  of  raisins,    and  in  the  other  series  open  trays 
containing  the  raisin  samples  were  exposed  in  a  chamber  containing  a  heavy  infestation 
of  insects.    The    latter  was  conducted  both  with  unprocessed  and  with  processed  raisins. 

Processing  yields.  --During  processing,    the  yields  obtained  from  the  various  lots 
were   recorded.    Data  are   shown  in  table   1.    At  the  beginning  of  storage,    those  raisins 
that  had  been  treated  with  malathion,    either  on  the  grapes  or  the  trays,    or  both,     lost 
less  weight  in  processing  than  the  untreated  raisins  did.    This  was  also  true  of  the 
raisins  processed  at  the  end  of  5  months'   storage,    but  the  difference  was  not  significant. 

Residue  analyses 

Residue  on  grapes.  --Chemical  analyses  showed  that  the  growing  grapes  dusted 
with  malathion  had  0.  6  p.  p.  m.    and  0.  3  p.  p.  m.    of  the  insecticide  3  and  15  days  after 
treatment,    respectively.    A  reading  of  0.  2  p.p.  m.    of  malathion  was  obtained  for  both 
samples  of  the  untreated  grapes. 

Residue  on  raisins.  --As  shown  in  table  2,    the  malathion  residue  on  the  raisins 
immediately  after  drying  ranged  from  2.  9  to  3.  3  p.  p.  m.    and  8.  6  to  1  3.  3  p.  p.  m.    after 
their  exposure  on  the  428.  4  and  806.  4  mg.  /sq.    ft.    treated  trays,    respectively.    Five 
months  later,    only  0.  9  to  2.  5  p.  p.  m.    residue  was  left  on  the  raisins,    a  loss  of  48  to  85 
percent.    Processing  appeared  to  remove  only  a  small  percentage  of  the  residue. 

Residue  on  the  trays.  --During  the  drying  period,    the  malathion  on  the  paper  drying 
trays  fell  from  428.  4  mg.    to  82  mg.    and  from  806.  4  mg.    to  238.  4  mg.  /sq.    ft.    Chemi- 
cal analysis  indicated  that  the   untreated  trays  may  have  picked  up  4.  8    mg.  /sq.    ft.    of 
malathion.    No  explanation   is  available  of  how  this  much  insecticide  could  have  been  on 
the  untreated  trays. 

Protection  against  insects 

During  field  drying.  --Large  numbers  of  insects  were  attracted  to  the  grapes  while 
drying  in  the  trays.    However,    there  was  a  significantly  lower  number  of  live  insects 
in  the  raisins  dried  on  the  treated  trays:  a  high  of  22  in  the  untreated  raisins  as  com- 
pared with  0  in  the  dusted  grapes  dried  on  the  treated  trays. 

After  5  months  in  storage.  --At  the  end  of  5  months  of  storage,    3  boxes  of  raisins 
from   each  of  the  six  lots  were  screened  to  determine  the  number  of  insects  present. 
As  shown  in  table  4,    the  raisins  dried  on  the  untreated  trays  had  a  heavy  infestation  of 
live  insects  (263  to  383),    whereas  those  dried  on  the  treated  trays  had  practically  none 
(0  to  2). 

Bioassay  test.  --The  bioassay  studies  using  the  jar  test  showed  that  the  residue 
picked  up  from  the  treated  trays  was  effective  in  protecting  the  raisins  for  more    than 
5  months.    The  raisins  from  the  untreated  trays  were  infested  within  one    month. 

The  open  tray  test  confirmed  the  results  of  the  jar  test.  The  raisins  from  the  trays 
treated  at  806.  4  mg.  /sq.  ft.  ,  with  the  exception  of  one  lot,  were  all  free  of  insect  in- 
festation after  5  months.  Of  the  raisins  from  trays  treated  at  428.  4  mg.  /sq.  ft.  ,  half 
became  infested  at  3  months,  the  others  were  still  free  of  infestation  after  5  months. 
Raisins  from  the  untreated  trays  were  heavily  infested  within  one  month  after  storage 
(table  5).  After  the  raisins  were  processed,  however,  damage  to  all  raisins  occurred 
within  1-1/2  months  after  storage.  This  indicates  that  the  malathion  residue  is  adversely 
affected  by  processing. 
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TABLE  2. — fefe.lath.ion  residues  on  natural  and  processed  raisins  from  each  of  the  six  lots 

before  and  after  5  months  in  storage 


Ma lathi on 
treatment  on — 

Malathion  residues  at 
beginning  of  storage 

Malathion  residues  after 
5  months  in  storage 

Grapes 
on  vine 

Trays 

Natural 

Processed 

Natural 

Processed1 

4-percent 
dust 


Mg. /sq.ft. 


P. p.m. 


P. p.m. 


P. p.m. 


P. p.m. 


Untreated 

None 

0.8 

0.7 

0.3 

0.2 

Untreated 

428.4 

2.9 

4.6 

1.5 

1.5 

Untreated 

806.4 

8.6 

7.2 

2.5 

2.2 

Treated 

None 

1.0 

.9 

.2 

.1 

Treated 

428.4 

3.3 

2.4 

.9 

1.0 

Treated 

806.4 

13.3 

9.3 

2.0 

1.7 

1  Raisins  were  stored  as  natural  raisins.  At  end  of  storage  period  raisins  were  proc- 
essed and  then  analyzed  for  residue. 


TABLE  3. — Number  and  species  of  live  insects  at  the  end  of  the  raisin  drying  period 


Malathion 
treatment  on — 

Live  insects  on  six  trays 

Grapes 
on  vine 

Trays 

Tenebrionidae 
adults 

Raisin  moth 
larvae 

Other 
insects 

Total 

4-percent 
dust 

Untreated 

Untreated 

Untreated 

Treated 

Treated 

Treated 


Mg. /sq.ft. 

None 
428.4 

806.4 
None 
428.4 
>.4 


Number 

0 
1 
0 
0 
0 
0 


Number 

22 
0 
2 
8 
0 
0 


Number 

0 

0 
0 
1 
0 
0 


Number 

22 
1 
2 
9 
0 
0 


TABLE  4. — Number  and  species  of  live  insects  recovered  from  screenings  of  three  boxes 

from  each  lot  after  5  months'  storage 


Malathion  treatment  on — 

Live  insects  observed 

Grapes 
on  vines 

Trays 

Raisin  moth 
larvae 

Dried-fruit 
beetle  adults 

Other 

Total 

4-percent 
dust 


Mg./sq.ft 


Number 


Number 


Number 


Number 


Untreated 

Untreated 

372 

0 

11 

383 

Untreated 

428.4 

2 

0 

0 

2 

Untreated 

806.4 

0 

0 

0 

0 

Treated 

Untreated 

183 

39 

41 

263 

Treated 

428.4 

0 

0 

1 

1 

Treated 

806.4 

0 

0 

1 

1 
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TABLE  5. — Insect  damage  to  natural  raisins  on  open  trays  in  an  infestation  room 


Tray 
number 


Tray  and  grape  treatments 


Time  when  first 

damage  appeared 

(months) 


Damage 
observed 


1  Untreated  grapes  dried  on  untreated  trays 

2  —do 

3  ___do 

4  -—do 

5  -—do 

6  Untreated  grapes  dried  on  trays  treated 

with  malathion  428.4  mg. /sq.ft. 

7  -—do 

9      ___do 

11  Untreated  grapes  dried  on  trays  treated 

with  malathion  806.4  mg. /sq.ft. 

12  —do 


5+ 
5+ 

5  + 
5  + 
5  + 


3 

5  + 

5  + 
5  + 

5  + 


Heavy 
Heavy 
Heavy 
Heavy 
Heavy 


None 
None 
None 
None 
None 


Light 

None 

None 

None 

None 


16  Treated  grapes  dried  on  untreated  trays- 

17  —do 


Medium 

Heavy 

Medium 

Heavy 

Heavy 


21  Treated  grapes  dried  on  trays  treated 

with  malathion  428.4  mg. /sq.ft. 

22  —do 

23  —do 

25  —do 

26  Treated  grapes  dried  on  trays  treated 

with  malathion  806.4  mg. /sq.ft. 

28  —do 

29  —do 

30  -—do 


5  + 
5-+ 
5  + 
54 
5  + 


Light 
Light 

Very  light 
Very  light 
Very  light 


None 
None 
None 
None 
None 
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FINDINGS 

1.  The  dusting  of  grapes  with  malathion  just  before  picking  did  not  protect  the 
raisins  against  insect  infestation  during  storage. 

2.  Raisins  dried  on   malathion-coated  paper  trays    picked  up  an  average  of  1  p. p.m. 
for  every  100  mg. /sq.   ft.    of  insecticide  on  the  tray. 

3.  Laboratory  bioassay  and  storage  tests  indicated  that  8  p.  p.  m.     of  malathion  on 
raisins  will  protect  them  against  insect  infestation  for  5  months  or  longer. 

4.  Malathion  residues  on  raisins    disappear    rather    rapidly;    approximately  75 
percent  is  gone  in  5  months. 

5.  The  level  of  malathion  residue  that  appears  promising  as  a  protectant  against 
insect  damage  for  raisins  is  no  greater  than  that  now  approved  for  fresh  fruits  and  some 
leafy  vegetables. 

DISCUSSION 

The  studies  discussed  in  this  report  showed  that  the  use  of  malathion-treated 
drying  trays  aided  greatly  in  protecting  raisins  against  insect  infestation  during  drying 
and  storage.    It  appears  that  lower  concentrations  than  those  used   may   provide  adequate 
protection.    Additional  chemical  and  biological  information  and  data  are  required  before 
consideration  can  be  given  to  the  use  of  such  a  treatment.    For  these  reasons,    another 
field  test  will  be  conducted  to  obtain  the  desired  information. 
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